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Abstract

After careful consideration by our professor, we were given the opportunity to design an aquaculture recirculating system using thermal energy management.  The steps of the design process were to establish a customer needs statement and continue through the design process producing a final design.  The customer wanted a recirculating water system that would maintain its water level and a temperature of 82(F year round.  The system also had to be filtered and aerated.  There are two separate systems for this design.  One system will be for heating and the other will be the recirculating water.  The recirculating system will be aerated by sprayjets injecting water and air into the tank.  It will be filtered using a sand filter.  The minimum flow rate for the recirculating system was found to be 3.8 gpm.  The total head loss is 17.3 feet.  The water temperature will be maintained by using a reservoir heating system that includes a solar collector for heating in the winter.  The amount of heat that will be lost in the winter is approximately 3594 Btu/hour. The cooling of the water in the summer is done with ventilation. The flow rate for the heating system is 5gpm.  The total head loss for the heating system is 4.72 feet. 

Construction has been completed on all systems.  All systems are functioning properly and as expected; but more testing is needed in the future.

1.0 Introduction


This is a comprehensive report on the complete design and manufacturing of an aquaculture recirculating system.  It is intended to familiarize those interested with the nature of aquaculture design and how it is done.

Our customer, Dr. George Buzyna, is looking for a cost-effective way to manage thermal energy of an Aquaculture Recirculating Facility. The customer’s desire is for the team to develop a recirculating facility that may be used by farmers for year round aquaculture farming.  This recirculating tank must be able to maintain the water, heating in the winter and cooling in the summer.  The customer would like for this facility to be equipped with a piping and filtering system, maintain a constant year round temperature of about 82(F, operate by alternative power sources and monitored by a computer monitoring system.  

2.0 Background

Shrimp farming technology originated in Japan in the 1930’s and 1940’s(Shigueno 1975).  The production of farm-raised shrimp has grown 737,108 metric tons between 1982 and 1998(Rosenberry 1998).

Ecuador is the leading producer of farm-raised shrimp in the western hemisphere (Rosenberry 1998).  Ecuador uses an extensive growout system, in which ponds are flooded and naturally occurring shrimp post larvae are brought to the pond.  Very little feeding is done and the shrimp growth depends on the natural productivity of the pond.  The system produces approximately 50-500 kg/ha/yr.  Most other farms in the western hemisphere use a semi-intensive pond production strategy, which supplements the natural food with formulated feeds.  It produces about 500-5,000 kg/ha/yr.  In an intensive production system, the shrimp are fed large amounts of formulated feeds, aeration is provided, and the pond water is changed often.  The intensive system produces about 5,000-10,000 kg/ha/yr (Brock and Main 1994).  A two-phase system may also be used, in which juvenile shrimp are grown at high densities in smaller nursery ponds and later transferred to larger growout ponds.


There has been a large increase in U.S. consumer demands for marine shrimp over the past twenty years.  Almost 30% of the world shrimp supply is now being provided by pond aquaculture (Browdy 1998).


Texas, South Carolina, and Hawaii have the only shrimp farms in the United States.  The slow development of the commercial shrimp culture in the U.S. is due to temperature climate conditions, regulatory constraints, and high labor costs.  Production in the late fall and early spring is limited because of low temperatures.  


The higher land values and limited growing seasons have lead to a more intensive investigation of the freshwater recirculating aquaculture systems.  Green houses are often incorporated in these systems to assist in climate control.  The water recirculated through the system is normally treated to remove solids and nitrogenous waste.  Blowers or liquid oxygen are used to maintain proper levels of dissolved oxygen in the water.  Ultraviolet light or ozone is often used to reduce bacteria in water.


A recirculating system is more expensive and more technically involved than a pond system.  However, there are many advantages in using the recirculating system.  Where land is limited or pond production is expensive, shrimp may be commercially grown.  Another advantage is the ability to control the environmental conditions, which allows for year-round production in areas that may otherwise be restricted by a limited growing system.  Reusing the water Minimizes the water requirements and discharge, which in turn reduces the impact on the environment and the permits required for operating the system.


One of the most important aspects of the farming is the nutritionally complete feed.  It is the single highest expense for intensive production systems.  


Disease control is also a big challenge in the shrimp farming industry.  Disease control and spreading is usually in direct relation to the management of the system. 


A successful business in aquaculture depends on three important issues.  The business planning, obtaining required permits to construct and operate a business, and the suitability of the water source.


Pacific white shrimp’s ability to adapt to low salinity water has increased its potential for shrimp farming in Florida.  Saltwater is required for in order for the shrimp to develop lungs.  Then they may be transferred to freshwater systems provided the water composition is suitable.  Many locations in Florida have well water that has been tested and seems to be adequate for shrimp.  The farmed shrimp and saltwater shrimp are indistinguishable as proven in taste tests.

3.0 Specifications

The specifications for the facility require a variety of engineering properties.  The system must maintain a relatively constant temperature of 820 F year round with variation of a few degrees.  This is to allow for optimal growth of the shrimp and reduce the time to market.  The system must also recirculate itself.  This requires filtering to remove unused feed, waste from the shrimp, and ammonia.  In addition the system must aerate the water to ensure the shrimp have enough oxygen and maintain a current to sweep the waste to a central location for removal.  The facility must also be designed with the farmer in mind, allowing for easy construction, maintenance, and repair.  These are demands of our sponsor for the facility.

The sponsor also has requested a number of objectives to be addressed.  These include solar heating, overall cost effectiveness, warning system of possible problems, and minimal external energy.  The detailed list of specifications can be viewed in the appendix a.

4.0 Concepts

 
Careful planning has allowed the team to develop a desired concept for the project.  The concept includes all design factors, but does not include, at this point, the size pipe and pumps to be used.  These will be determined later.  It, however has been determined that PVC piping and industrial pumps will be used.

The tank design will be a four by eight by two-foot tank.  The tank will be constructed of pressure treated lumber with a liner as seen in figure 1.  This concept was accepted due to its strength, cost factor, and ease in building.  An additional reason for the materials phase of the tank is the idea that if contamination occurs in the tank, the liner is the only part that needs to be replaced compared to the entire tank.  The next stage is the intake system.  This has been decided to be a dual pipe system with a screened intake area.  This is created through a larger pipe surrounding a smaller pipe with the larger pipe having the screen on it.  This is displayed in figure 2.  This concept was decided on for the following reasons.  The smaller pipe controls the level of the water in the tank and also takes the water from the tank.  By creating a smaller amount of screen on the bottom of the larger pipe, a higher velocity of water flow is created.  This increases the amount of wastes to be drawn out of the tank.  Additionally, there will be two locations for the intake system.  One will be on each end of the middle divider as seen in figure 1.  Due to cleaning of the screens and low cost, there will be two larger pipes created for each intake area.  This allows the pipes to be removed, replaced by the other and then cleaned without affecting the flow of the water for a pong period of time.  The spray system has also been determined to be two long pipes with holes inline with each other to allow for a high-pressure spray.  This concept was decided upon due to ease in building and cost factor.  The unit is skimpily a pipe that is two feet in length that extends from the side to the center and has holes where the water is forced out into the tank.  This creates the oxygenation of the water and a circular flow of the tank.  This is displayed in figure 3.
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4.1 Figure 1 Full Tank Design
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4.2 Figure 2. Intake Pipes 
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4.3 Figure 3. Spray jet

The housing unit will be a greenhouse design.  This design allows for a cost factor and easier temperature maintenance.  Research is still being performed to develop flow of air through the unit to enable cooling in heated seasons and maintaining warmth in cool season.  At this stage, research has shown that vents at the top and bottom of the unit, which can be opened and closed allow the best temperature maintenance and ventilation.  The type of vents to be used is still being researched.  

The heating of the water will be through solar energy.  A solar collector will be used with a separate piping system. This system uses a reservoir to allow energy to be stored.  When heating is needed a computer will eventually be used to maintain the desired temperature.  

The cooling system for the water will be through convective cooling.  This will be performed by fans into the greenhouse and by the vents on the greenhouse.  This was the most cost efficient method.  Plus the thermal difference between the desired water temperature and the normal summer temperature for North Florida is relatively small.  If necessary, cooling the water down may be performed by reverse solar heating at night.  Otherwise use the solar heater at night which will give off energy instead of absorbing it.  This system and a reservoir will be adequate to maintain the desired temperature. This system will be monitored by computer, which determines when to operate the system to maintain the desired temperature.  

A computer will monitor the entire system.  Labview will be the program used.  The system must monitor temperature of the water, control the heating and cooling system, and monitor the flow rate of the circulation system.  The system must control the pumps of the heating and cooling system.  Also it must be able to set off an alarm if the flow rate drops to a certain level, which requires maintenance immediately.  The monitoring of this entire system is very important.  If any part of this system fails and is not fixed immediately, it can cause death of the shrimp and failure of the crop.

The system, though presently powered by ac power, should be powered by solar energy with a back up of ac power.  The purposed system is designed to have the solar cells charge marine batteries.  These batteries will operate the pumps and computers.  When the voltage gets to a certain low level, the ac power will be enabled to operate the system.

All these system will operate in succession.  The farmer will need to maintain feed for the shrimp, backwash maintenance on the filter, and any pump or pipe maintenance.  The farmer should not have to spend more than one to two hours per tank daily. 

5.0 Calculations

5.1 Flow Calculations

The cleaning velocity is calculated by
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(1)

v  = cleaning velocity

G = specific gravity

d = diameter of particle to be removed


     1.6mm used for diameter size(largest size particle in tank of solid material)

The boundary layer for the tank is ignored for these calculations due to the activity of the shrimp.  The shrimp are bottom dwellers and will stir up the residue on the bottom off the tank allowing the materials to become part of the fluid flow.  The flow rate required for moving the solid residue to the inside of the tank is 0.13 ft/sec.  This information is from Harbor Branch Oceanographic Institution section 4 of the practical manual for shrimp aquaculture.  This flow rate multiplied by the cross sectional area produces a gal per minute rate of 194.4 gal/min (gpm) or 0.43316 ft3/ sec.  These calculations for the inside flow rate will be used to assist in the flow calculations required for the spray jet.

The tank must be filtered and recirculated every ninety minutes.  The tank is 350 gallons.  
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Assuming loss for friction, fittings and pump inefficiencies, a flow rate of 5 gpm  will be used to determine the head loss of the flow system.  

5.2 Head loss for Sand Filter
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   (ASHRE 1997)
(2)

T= temperature in Fahrenheit

h = head loss in centimeters

s = sand particle size in mm                    

d = depth of sand in centimeters

r = flow rate in m3/day

p = porosity of filter sand % void

Assumptions: using sand size #7

s = 0.908 mm                       r = 32.7 m3/day

p = 35.3%                             d = 50 cm

resulting in 16.12 feet of head

5.3 Head loss of piping system

Two-inch schedule 40 pipe will be used for the intake system to the filter.  Then a 3/4-inch pipe will be used to pump the water back to the tank then a two-inch pipe will be used for the spray jet.

 5.3a Table FC1  Head loss for 1 1/2” pipe for 5gpm

	Feature
	Equivalent Length

(feet)
	# of Features
	Total Equivalent Length

(feet)

	Elbows
	4.3
	4
	17.2

	T-fitting
	9
	1
	9

	Pipe
	1
	14
	14

	Total
	 
	
	40.2

	
	
	
	


This equivalent is multiplied by 0.22 ft of head per 100 feet of equivalent pipe equals the feet of head.  This is from “Engineering Data On Flow of Fluids in Pipes” – Crane Co.

This equals 0.8842 foot of head.

5.3b Table FC2  Head loss for ¾” pipe for 5gpm 

	Feature
	Equivalent Length

(feet)
	# of Features
	Total Equivalent Length

(feet)

	T-fitting
	4.5
	1
	4.5

	Elbows
	2.2
	4
	8.8

	Compression Fittings
	1.4
	2
	2.8

	Pipe
	1
	13
	13

	
	
	
	28.5


This equivalent is multiplied by 5.73 ft of head per 100 feet of equivalent pipe equals the feet of head.  This is from “Engineering Data On Flow of Fluids in Pipes” – Crane Co.

This equals 1.632 feet of head.
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(3)

Simplified 
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(4)

W = work       

P = pressure 

v = velocity 

z = height

g = gravity

gc = specific gravity

Assumptions:

P1  = P2     due to open system intake and jet stream

g = gc      due to Florida being relatively at sea level

z1 = 0     z2  = 2 ft  due to intake is at bottom of tank and spray jets are at top

v1 = 23.1 ft/s

v2 = 12.94 ft/s

Results in 766.54 watts needed to operate the system.

5.4 Spray jet Calculations

The calculations for the spray jet were done on assumptions from the sponsor to have the jets spray in a horizontal direction to maximize aeration and tank velocity.  Using these assumptions and also the assumption that the water is four inches from the surface and the stream should inter the water at eight inches from the spray jet.  The velocity needed to achieve this is 16.6 ft/s.  This was achieved using physics equations to find time to drop four inches and then using this time factor to calculate the velocity needed to reach this distance in the time given.

Equations for mass flow rate
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m = mass flow rate

A = cross sectional area

V = velovity

This allows an area of 1.39 in 2 of area to be used for the holes in the spay jet.  Using an assumption of 1/8 in holes, allows for twenty-eight holes.  This allows nine holes per jet at 1/8in diameter and 2in apart.

5.5 Head Loss of Heating System

The solar collector used for the heating system is the 4’x12’ FP-Series.  The recommended flow rate according to the specifications is 3-5 gpm (www.sunwestsolar.com).  The maximum recommended flow rate of 5 gpm is used for all of the heating system calculations.  The heating system will use ¾-inch pipe going to and from the heating manifold.  Once the manifold is reached, the ¾-inch pipe will be connected to a 2-inch pipe going to and leaving the manifold.  In between the two 2-inch manifold pipes there will be twenty ¾”-inch heat pipes.

5.5a Table FC3 Head Loss For ¾” Pipe for 5gpm

	Feature
	Equivalent Length

(feet)
	# of Features
	Total Equivalent Length

(feet)

	Elbows

Pipe

45 degree elbow

Expansion Fitting

(3/4”-2”)

Collector

Total
	2.2

25

1

2

36
	7

1

2

2

1
	15.4

25

2

4

36

82.4

	
	
	
	


The equivalent is multiplied by 5.73 ft of head per 100 feet of equivalent pipe equals the feet of head. This is from “Engineering Data On Flow of Fluids in Pipes”-Crane Co.

This equals 4.723 feet of head.

5.6 Thermal Calculations for Tank

The tank will be enclosed in a greenhouse.  The cooling of the water in the tank during the summer months will only require simple ventilation of the greenhouse.  Finding the average temperature inside the greenhouse using (Boyd and Rafferty, undated) concluded this:

Tg=(Ttank+Tair)/2





(5)

Assumptions:

Ttank=82(F

For Tair: The average maximum temperature in July for Tallahassee, FL was taken as 91.2(F (www.worldclimate.com)

This gives the maximum average temperature in the greenhouse as Tg=86.6(F, which will be easily cooled using ventilation to maintain an 82(F pond temperature.

 The are four types of heat losses that will be considered for the enclosed tank system.  The main source of heat loss is due to evaporation, followed by radiation, convection, and conduction. The evaporative heat losses can be characterized by the following equation (Boyd and Rafferty, undated):
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(6)

Where, 
[image: image11.wmf]=
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rate of evaporation (lbm/h), A = pond area (ft2), Pw = saturation pressure of pond water (psia), Pa = saturation pressure at air dew point (psia).

Assumptions:

A=30 ft2


Pw=0.507 psia (@ 80(F)

Pa=0.21715 psia (@60(F and 85% relative humidity)

The result is Wp=1.774 lbm/h.  Multiplying by 1050 Btu/lb gives the evaporative heat loss in Btu/h as shown by (Boyd and Rafferty, undated):

qEV = 
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(7)

This concludes that qEV=1863 Btu/h.

The next largest source of heat loss is from radiation.  The radiant heat loss was calculated by the following equation (Boyd and Rafferty, undated):
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(8)

Where, 
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 = the radiant heat loss (Btu/h), 
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T

 = the water temperature ((F), 
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T

 = the air temperature ((F), and A = the pond surface area (ft2).  

Assumptions:

A=30 ft2
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: The average minimum temperature in January for Tallahassee, FL was taken as 37.9(F (www.worldclimate.com).  Using this with equation (1) gives 
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The resulting heat loss due to radiation was determined to be 792 Btu/h.  

The convective heat loss was calculated by the following equation (Boyd and Rafferty, undated):
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(9)

Where, 
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q

 is the convection heat loss (Btu/h), 
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T

 is the water temperature ((F), 
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 is the air temperature ((F), and A is the pond surface area (ft2).  

Assumptions:
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This gives a convective loss of 543 Btu/h.  

The loss of heat due to conduction was calculated by (Boyd and Rafferty, undated):  
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Where, 
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 is the radiant heat transfer (Btu/h), L is the length of the pond (ft), W is the width of the pond (ft), 
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T

 is the water temperature ((F), and 
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 is the air temperature ((F).  

Assumptions:
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The resulting conductive heat loss was found to be 396 Btu/h.

5.6b Summary of Tank Heat Losses

	Heat Loss Method
	Loss(Btu/h)
	Amount(%)

	Evaporation

Radiation

Convection

Conduction

Total
	1863

792

543

396

3594
	52

22

15

11


6.0 Construction

The construction of the facility was one filled with many complications that required knowledge and experience to overcome.  Bill at the FAMU-FSU College of Engineering constructed the tank.  One problem the team had was fitting the intake pipes under the tank.  This was resolved by placing several 4” x 4” under the tank to raise it high enough to allow room for the pipes to fit as seen in figure C3.  The main problem that the team had was water tightness with the tank.  The liner was first installed and filled.  Leaks occurred at staple marks and folds in the liner.  In addition to these problems, the folds slowed down the flow of the tank.  After discussions of other approaches, it was decided to remove the liner and seal the tank.  The main reason for this is that the liner was donated and had to be fitted from a large flat piece to a rectangular shape.  If this were to be manufactured to have a removable liner, one could be designed to form fit the tank.  This would serve its purpose to be replaced if infection were to set into the crop.  To allow test to be run and prototype to be completed it was decided to seal the tank and discard the liner.  The tank was first sealed with a truck bed roll-on liner and bondo.  This worked for a little amount of time.  This allowed the team to discover that the screw holes and some of the edges of the tank were not watertight.  Theses areas were sealed with silicon, allowed to dry and the tank was filled again.  This allowed a great seal to continue the testing of flow inside the tank.  With the sprayjets in place and the tank filled to the desired level the team was able to measure the flow of the tank.  The test allowed conformation of the sprayjets ability.  It confirmed that they were powerful enough to obtain the .2 ft/s speed the tank needs to flow the waste to the inside.  The test actually resulted in .4 to .5 ft/s.
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6.1 Figure C1 Exploded View of Tank

Figure C1 is an exploded view of the tank.  This is from the team’s operation manual for the construction of the tank.  It allows a user to see the parts of the tank, as it should be.  The view also identifies the parts for the user.  Full Pro-Engineering drawings can be viewed in appendix b.
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6.2 Figure C2 Base Support of Tank

Figure C2 is a drawing of base support of the original tank.
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6.3 Figure C3 Extra Base 

Figure C3 is a drawing of the extra base that was required to allow the drainpipes to be extracted from the tanks center.  These are simply 4” x 4” going width wise to allow the pipe to be drawn toward the front of the tank.
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6.4 Figure C4 Recirculatory System

The recirculatory system is designed to allow the drains to be drawn together equally and to one point.  The drainpipes come out 8 inches from the tanks edge and are then angled toward each other and connected by a T-fitting.  The pipe is then drawn up to an additional T-fitting.  This fitting is split to two separate pumps.  One is attached to the tank part the other to the heat exchanger.  The tank part is then sent up and over to the sprayjets.  For testing purposes a valve is two feet above the pump to allow a head loss to be simulated for the future addition of a filter.  This completes the recirculatory system.
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6.5 Figure C5 Heat Exchange System

The heat exchanger part is not what was originally designed.  This was developed to increase the speed of heating to the tank.  The main objective of this is draw water directly from the tank, send it to the heat reservoir tank, then ounce the tank reaches a certain height the overflow is sent back to the tank through a 1 ½” sprayer.  The pressure of the sprayer is not pump related, but gravity feed.  This sprayer is then ended with a elbow.  This is done to ensure that the reservoir will not overflow.  In addition to this prevention, the pipe from the pump has a valve on it.  This is done to control the flow of the exchanger if necessary.  One other safety measure that the team discovered during setup is the need for a check valve.  The check valve is at the end of the pump pipe inside the reservoir.  This is needed to prevent a siphoning effect of the pipe and the tank.  This completes the heat exchanger system.
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6.6 Figure C6 Heating System with Solar Collector

The heating system with solar collector is actually the largest system of the facility.  This is due to the twelve-foot by four-foot solar collector.  The solar collector is actually for use in pool heaters.  The sponsor wanted to see if it could be used in the facility to prevent electrical or combustion devices to be needed for heat.  The system is successful.  This can be seen in the testing section.  The collector is located at the front of the housing unit to prevent shading of the housing unit.  The collector is also at approximately a sixty-degree angle.  This part of the facility was completed before this teams participation in the project.  It is this teams recommendation that future teams build a frame for a flat or almost flat collector.  During certain times of the day the collector is perfect, but only for those times.  This is why the team recommends the change to allow a greater time frame.  

The system is designed with a pump drawing from the bottom of the tank and pumping to the top of the tank.  This is done to continually churn the water to prevent thermal levels.  In addition to the mixing in the tank, the collector has been plumbed to pump into the bottom and out through the top.   This allows the collector to completely fill and increase its thermal conductivity.  These ideals have allowed for maximum effect of the collector.  Also a drain valve has been added to the pipe at the bottom of the collector to allow the collector to be drained when necessary.  These complete the heating system.

7.0 Testing and Results
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7.1 Figure HT1 Graph of Temperature Change of Reservoir Tank
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7.2 Figure HT2 Graph of Temperature Change per Time

The tests in figure HT1 show the effects of the solar collector on the water in the reservoir.  The reservoir was filled with 40 gallons of water.  The water was maintained in the reservoir tank without circulation onto the main tank to allow accurate data.  The first trial was started when the water was at 66 degrees Fahrenheit; and the second trial was run prior to recordings resulting in a higher starting temperature.  The graph shows the temperature change due to time.  On can notice that at certain times the slope of the line is greater than other times.  This is due to sunny times and cloudy times of the day.  When the sun was at full force, the water temperature increased as much as 12 degrees in 15 minutes.  When the clouds were covering the sun, the temperature increase decreased to as low as 1 degree in 15 minutes.  These changes can be seen more dramatically in figure HT2.  Overall, the solar collector works very well delivering a great deal of energy to the water and allowing adequate heating.
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7.3 Figure HT3 Graph of Temperature of Main Tank and Reservoir Tank 

Figure HT3 is a graph showing the temperature change of both the main tank and reservoir tank once the heat exchange was turned on.  The heat exchanger is designed to dump cold or main tank water directly into the reservoir; and the reservoir return pipe subtly returns the warmed water to the main tank finishing the exchange cycle.  The graph shows a wonderful representation of this cycle and it’s merging effect of temperature.  The reservoir shows a drastic change, while the main tank shows a slow change.  This is due to the volume difference between the two.  The reservoir is only 40 gallons compare to the main tank, which is 350 gallons.  This is why the team is very pleased with the results of this test.  The team looks forward to others performing this test in the future and comparing results.

8.0 Future Works

The team must accept that they will not be able to complete all of the sponsor’s wishes.  The team encourages next year’s team to begin where this year’s team must end.  The construction of the tank and all plumbing needs have been completed.  The next team must complete several testing procedures and set up monitoring systems.  The monitoring system was planned, but unfortunately incorrect thermistors and flow meters were acquired resulting in very little progress.  The future engineers must research these monitoring devises, decide which ones are appropriate, and acquire them.  In addition to this, they must incorporate labview to monitor these devices.  Labview must regulate the heater and heat exchanger via temperature monitoring and pump switches to maintain the desired temperature of the main tank.  Also, labview must be set up to sound an alarm if flow rates in the main tank and sprayjets are not up to specifications.  The team also encourages research into changing the position of the solar collector to a reduced angle position where the sun will be utilized throughout the day.  Tests completed by the team were at mid afternoon times, which proved ideal for the present angle; but morning and noon times the sun was only slightly shining on the solar collector resulting in very little energy consumption by the collector.  The team hopes that the information collected, designs created and construction completed will assist and encourage the future team to attack the project with fire.

9.0 Conclusion

In conclusion, this project has been a very interesting opportunity.  The thermal management of an aquaculture recirculating system was designed.  The design process started with the customer needs statement and continued to the final design stage and production.  The calculations and construction for the facility were completed.  The amount of heat lost in the winter was found to be 3594 Btu/hour.  The flow rate of the heating system and the recirculating system were found to be 5 gpm and 3.8 gpm, respectively.  Hands-on construction of the system resulted in tremendous knowledge of flow rates, hydrostatic pressure, thermal conductivity, siphon effects, teamwork, and bureaucratic budget issues.  Overall, the project allow the team to get an idea of what to expect in the world after graduation. 
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AppendixA

Specifications

	
	
	
	Specification Table
	
	
	
	

	
	
	
	
	
	
	
	

	Changes D or W
	Requirements
	 
	 

	D
	
	
	maintain temperature 

Max Temperature -  900

Min Temperature -  750
	
	
	
	 

	D
	
	
	recirculating water system

Min Rate of 3.8 gpm

Max Rate of 6 gpm
	
	
	
	 

	D
	
	
	filter tank water 

Remove 85% of Shrimp Waste
	
	
	
	 

	D
	
	
	heat tank water during winter to 

to prevent cooling shrimp slowing 

growth rate
	
	
	
	 

	D
	
	
	cool tank water during summer 

to prevent overheating of shrimp

slowing growth rate or killing shrimp
	
	
	
	 

	D
	
	
	ventilation of housing unit to maintain 

oxygen in housing unit and cooling in 

summer
	
	
	
	 

	D
	
	
	350 gallon tank

To model large scale tank
	
	
	
	 

	D
	
	
	dimensions 4' x 8' x 2' to tank to

model large scale of rectangular tanks
	
	
	
	 

	D
	
	
	easy maintenance and simple repairs 

to allow for farmers to use as little

time as possible
	
	
	
	 

	D
	
	
	easy operational use to allow for farmers

to maintain more tanks or other 

agricultural or personal items 
	
	
	
	 

	D
	
	
	hard water supply to optimize shrimp growth 
	
	
	
	 

	D
	
	
	contamination free environment to prevent disease in shrimp 
	
	
	
	 

	D
	
	
	year round use to allow for two crops a year to maximize profit for the farmer
	
	
	
	 

	D
	
	
	safe operation to ensure farmer and family safety
	
	
	
	 

	D
	 
	 
	minimal flow rate ~233 gal/hr necessary to ensure proper operation of waste removal
	 
	 
	 
	 

	W
	solar energy heating
	 
	 
	 
	 

	W
	ventilation and evaporative cooling
	
	 

	W
	Circulating  flow in tank
	
	 

	W
	overall cost effective system
	
	
	 

	W
	computer controlled
	
	
	
	 

	W
	warning system (temperature, oxygen and flow rate)
	
	
	 

	W
	permissive temperature fluctuation + 30 C
	
	 

	W
	above ground piping to allow for easy repairs and construction
	
	
	
	 

	W
	minimal external energy to save electrical cost
	
	
	 

	W
	use of fuel and/or voltaic cells for energy
	 

	W
	easy assembly to save time and money for the farmer
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Concepts
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Figure B1 Morphological Chart
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Figure  B2  Tank Drawing

[image: image40.png]sl Qs

o sray st
o USed"to wacate and ceeate circular low in fork
Desiqned by Aquo-Tek

24.00)

14 holes 1.6 10 wpart
Stariing 2ie (rom edge

ALE - 0125 TYPE - PART WANL - SPRAVILTIIKAL SIZE - &




Figure  B3 Spray Jet
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Figure  B4  Intake System

Figure  B5  Tank Parts ( next 7 drawings)
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Figure B6 Concept Developed from Morphological (not used)

Appendix C

Calculations
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Data from Solar Collector Test
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Tank
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Project Plan
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Table D1 Budget for Project

Figure D1A Schedule for Fall Semester
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Figure D1B Schedule for Spring Semester
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Figure D2  Work Breakdown Structure
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Appendix E

Communication Records

WEEKLY MEETING

MINUTES - September 14, 2000
Those present:  Roger Hubmann, Nadja Dewdney, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· Overall project including:  recirculating tank, filtration, solar heating

· Design the system for North Florida
How to divide up the work for the project

· WEEKLY MEETING

MINUTES - September 21, 2000
Those present:  Roger Hubmann, Nadja Dewdney, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· Need to layout a schematic
· Think about flow and temperature sensor equipment
· Planned a trip to FSU Marine Lab on Friday, September 29, 2000 at 8:00am.
· Tank water height would be between 18” and 20”.
· Waste removal --- will be handled by environmental/civil engineers.
Project Scope:  The scope should include the following:  tank circulation; piping; pumps; moving water; maintaining temperature (heating in winter, cooling in summer); cooling (natural or forced convection); heating(use hot coiled pipe under tank); instrumentation(temperature measurement and flow rates).

WEEKLY MEETING

MINUTES - October 17, 2000
Those present:  Roger Hubmann, Nadja Dewdney, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

WBS and DCD:  Roger was asked to research the work breakdown structure and implement it in deliverable #3.  The design criteria document is being developed by Roger.

Budget:  Dr. Buzyna gave some estimates of our budget since he has already or is going to be ordering things for the project.  He has already ordered the following:  LabView $400; temperature and flow sensors $1,000-2,000; Data System $1,300.  Nadja has been asked to take charge of the budgeting for deliverable #3. 

Project Schedule:  Mike is leading the project scheduling.  There were some discrepancies as to whether the schedule would be for the whole year or just this semester.  Dr. Buzyna suggested that we make the schedule for this semester to include in deliverable #3.

Procedures Plan:  Mike is currently researching the procedures manual and the best way to develop it for deliverable #3.

WEEKLY MEETING

MINUTES - October 19, 2000
Those present:  Roger Hubmann, Nadja Dewdney, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· Dr. Buzyna ordered thermistors and a flow unit for a total of $2200.

· We went over a schematic of the project and talked about the placement of the thermistors in order to measure velocities and temperatures.

· There is a great need for the computer monitoring system.  

· Heating the tank from the bottom using a manifold style piping system.

WEEKLY MEETING

MINUTES - October 26, 2000
Those present:  Roger Hubmann, Nadja Dewdney, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· We were shown a printout of the characteristics for the pump that was donated to the project.  A magazine with various types of pumps and other supplies for the project were given.

· Aquatek was told to look in the ASHRAE handbook for helpful information.  

· Dr. Buzyna went over some of the resources that he had in his office for the Aquatek team to use.  We were also given various website addresses that would be of some use towards the project.

WEEKLY MEETING

MINUTES – November 2, 2000
Those present:  Roger Hubmann, Nadja Dewdney, and Dr. George Buzyna.

Items Discussed

· We showed Dr. Buzyna our presentation and he gave his approval.

· Dr. Buzyna stressed the importance of having our sketches drawn to scale and documenting all calculations and equations.

WEEKLY MEETING

MINUTES – November 9, 2000
· There was no meeting today.

WEEKLY MEETING

MINUTES – November 16, 2000
Those present:  Roger Hubmann, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· Passing away of Nadja Dewdney

· Redefining the scope of the project

· How to model calculations for the spray jets impinging on the surface of the water.

· We were reminded that our main objective was to cut the cost of energy required to run the system.

· A meeting was scheduled for Tuesday, November 20,2000 at 11:30am.  To go over the progress of our project.

WEEKLY MEETING

MINUTES – November 22, 2000
Those present:  Roger Hubmann, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· Dr. Buzyna did not show up for the 11/20/00 scheduled meeting.

· Ordered ASHRAE Handbook 1995

· Size of liner in tank

WEEKLY MEETING

MINUTES – November 29, 2000
Those present:  Roger Hubmann, Michael Giangrosso, and Dr. George Buzyna.

Items Discussed

· Dr. Buzyna briefly reviewed our final report and wrote some comments.

WEEKLY MEETING

MINUTES - January 11, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso.

Items Discussed

· Introduced to our new group member Tom Joseph
· Briefed our new member on the project
WEEKLY MEETING

MINUTES - January 18, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso, Dr. Buzyna

Items Discussed

· Introduced Dr. Buzyna to our new group member Tom Joseph
· Briefly discussed our project
WEEKLY MEETING

MINUTES - January 27, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

· Parts needed to complete the design
· Web page
WEEKLY MEETING

MINUTES - February 9, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso, Dr. Buzyna

Items Discussed

· Purchasing parts
· Getting a key to the room with our equipment in it
WEEKLY MEETING

MINUTES - February 17, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

Reservoir and piping system

WEEKLY MEETING

MINUTES - February 20, 2001
Those present:  Tom Joseph, Dr. Buzyna

Items Discussed

Gave Dr. Buzyna parts list

WEEKLY MEETING

MINUTES – February 24, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

System construction

WEEKLY MEETING

MINUTES – March 3, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

· Sealing the tank
· System construction
WEEKLY MEETING

MINUTES – March 10, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

· No meeting due to spring break
WEEKLY MEETING

MINUTES – March 17, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

· Worked on piping system
· Worked on construction
WEEKLY MEETING

MINUTES – March 24, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

System construction

WEEKLY MEETING

MINUTES – March 31, 2001
Those present:  Roger Hubmann, Tom Joseph, Michael Giangrosso

Items Discussed

· Testing
· Operations Manual
· Final Report
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